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Introduction

 Nuclear reaction

— 1s a transformation of the nucleus of an atom by the incoming
particle or photon. Incoming particle (or photon) is called
projectile and the target is the original nucleus. Such reaction
can lead to the formation of another, possibly chemically
different isotope, called reaction product.

— Target (projectile,emission) Product
— X(a,b)Y

« Examples
o (nag)a (nap)a (pan)a (Il,(l), (’Y,n),

 First nuclear reaction observed by Rutherford in 1919
— 4N + 4He(alpha) — 70O + 'H(proton)
— or “N(a,p)"’O



Introduction #2

 Cross-section

— 1is used to describe the probability of interaction between a
bombarding particle and the target nucleus. The cross section
(denoted by Greek letter o) depends on the properties of
target nuclei, on the properties of projectile and on the energy
of the projectile.

e Thin target 6 [1b=102%cm?] n [1/cm3] ¢ [1/cm?]

do/dx = ong
n — number of target nuclei per volume
¢ — flux of projectiles
dx — thickness of the sample

Number of Nuclear Reactions per Volume



Introduciton #3

 Photonuclear reactions

— can be observed for gamma photons with energies above
several MeV. The excitation functions (o) of all photonuclear
reactions exhibit a large peak at photon energies from 25
MeV for light target nuclei to 14 MeV for heavy target
nuclei.

— This peak 1s named “giant dipole resonance” and is associated
with collective oscillation of all the protons in the nucleus
against the neutrons, which happens to be in resonance with
the photon wave at this photon energy.

« There are many possible reactions at GDR

— &g ('Y,n), (Yazn)a (Yanp)a (’Y,(l), (y,n2p), (y,2np), .
— In heavy nucleus (for Np and heavier) photo fission exhibits a
sharp and important peak between 10 and 20 MeV.



Nuclear Reactions and
Nuclides.net

* Reaction products on the nuclide chart.

7 Z
F'y A
) o,3n|o,2n| o,n Z+2
Al ala
izl P 11:1 -:}1_;?; LO‘,, np Z+1 B-
7 iy n_-__'['aul'scr n,%Y 77 nelZ N
n, 2n "u(‘-lhflt‘- d,p ’I
Z-1 Y I"“ﬂ i Z-1 Y le/ne
cl,()t/ n, pn 'k I
4
Z-2 n, o Z-2 o
» N > N
N-2 N-1 N N+ N+2 N-2 N-1 N N+l N+2
Relative locations of the nuclear Relative locations of the

reaction products. compound nucleus decay products.




Transmutation of 129

[N]Nuclides.net First Edition Clm ’y 128 I Gamma Lines and Intensities
File Mavigation Charts Data Search Applications Information = Gra |J|1
QL2 B . B .| AT | A BR|®|E|Q
Petiodic o Chiatt Data Search Decay  |Dosimetry | Yirtual UNC Forum MNews Help =
dine] + L00E01
dine] Ba130 Ba132 =
stable | £ Loece
0B % 0.101% o
o
A= 100E-03
o
=
o 1.00E-04
-
2 tooe-0s
]
w
1.00E-08
3d46m
100E-07
27 0 607 ™ L] Tiog 1275 1442 1603
Energy(keV)

Print Image

3 Graph Datasheets - Microsoft Internet Explorer |Z| \X|

Xe129 Xe130

le stable
41%

1L

— 1T 1 1 T 1 T T T
from 443 keV line

500 | 128) oor /*//‘
| 443KkeV (16%) ol T
Te125 Te126 N /
. . r gsnuu- ,//
High energy photons induce ) Pl Te2sttmineon |
(y,n) reactions on long-lived 2T A/

L L L L
40 60 100

12T to produce short-lived
1281, Similarly, the photons
induce (y,n) reactions on

J\M / (1.5%) |
stable 1271 to produce !26]. i "JL it

|
w0 A so 4@ e 20 s ew 5 580
Both 28] and 121 can be . Energy (keV)

200

Time (min)

526.6 keV

detected with y spectrometer. =mn Jreomm [ssonss ] | Vl/[/




INSTITUTE OF PHYSICS PUBLISHING

Transmutatlon of 1291

Journar oF Puysics D AppLiED PHYSICS

J.Fhys, I Appl. Phys, 36 (2003) LT9-L82

RAPID COMMUNICATION

Laser-driven photo-transmutation of
1291_a long-lived nuclear waste product

PII: 80022-3727(03)67481-4

electrons

Laser pulse
102 Wiem?

‘1"':5

v (443 keV)
N

28 1 i VULCAN giant pulse laser at RAL

ﬁ @ ﬁ’d " High repetition rate tabletop

photo neutron 3

tantalum

laser at Jena Universit

iodine —

l.#

J. MAGILL
H. SCHWOERER?
F. EWALD?

1. GALY!

R. SCHENKEL!
R. SAUERBREY

2.%,=

Laser transmutation of iodine-12¢

! European Commission, Institute for Transuranium Elements, Postfach 234
2 Institut fiir Optik und Quantenelektronik, Friedrich-Schiller-Universitiit Jerma; ™
07743 Jena, Germany

Pl o, =97 £40mb



Photonuclear Reactions

on Plutonium

 Interest in photonuclear cross section data

— 1s powered by a number of different applications such as:

* non-destructive detection of fissionable materials by gamma
photons

» cost effective intensive neutrons sources
» transmutation of nuclear waste

» medical applications

* etc.

* As an example a preliminary study of an experiment
involving photonuclear reactions on Pu will be presented
— Literature survey and overview of the past experiments
* How to find nuclear cross section data with Nuclides.net
— ITU has a ?*?Pu sample
 Purity and in-growth?
— We would like to use gamma spectroscopy to detect nuclear
reactions
» Which reaction products can we detect?
* How can we avoid any unwanted gamma background?
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- FEED Photonuclear reactions
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Exercise 1: Can we detect 24°Pu or 2*'Pu with Ge detector?

Answer 1: Probably not ;, tl/l/




Photonuclear reactions
on Plutonium #?2

e We can select between different
Plutonium forms

— PuSb, PuP or PuO,

* Which matrix i1s better to use?

— We would like to reduce the y background
after irradiation

Find the matrix which has
photonuclear reaction products with
short half-life and/or no gamma lines.
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Expected photonuclear
reactions on light atoms are

(y,n), (v,2n), (y,np), (y,a)




Conclusions

* In this feasibility study of photonuclear
reactions on plutonium:

— We have used the Nuclides.net to get an
overview over different nuclear reactions
and reaction products

— We have used DataSheets and searched for

additional nuclear data on the web through
the Weblinks of the Nuclides.net

— We have used Virtual Nuclides module and
Decay module of the Nuclides.net to study
the sample properties



Thank You For Your Attention!
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